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The eclipsing binary RR Centauri was observed photoelectrically in yellow and in blue light at the 
Cerro Tololo Inter-American Observatory. RR Centauri is a W Ursae Majoris type system with complete 
eclipses, the primary being a transit. The period of RR Centauri is variable, and the variations in its period 
are discussed. Solutions are presented which are based on three different methods of rectification. All of 
these solutions yield comparable orbital elements, which are in good agreement with the orbital elements 
obtained from previous studies of this system. There is no evidence for orbital eccentricity in RR Centauri. 
The Fourier coefficients obtained from an analysis of the light outside eclipses are compared with theoretical 
Fourier coefficients calculated using the adopted orbital elements. The agreement between these is fairly 
good, when a mass ratio of 1.8 or 1.9 is used in the calculations, but dynamical considerations require a 
much higher mass ratio for the system. 

I. INTRODUCTION 

RR Centauri was discovered to be variable by 
Roberts (1896). Between 1896 and 1901 he made 

a series of visual observations of this star. A later visual 
observer of RR Centauri was Pingsdorf (1932), who 
made a series of visual observations in 1929-1931. Voute 
(1927) published a photographic light curve, which he 
had obtained in 1925 and 1926. The star was later 
studied by O’Connell (1954), who obtained a series of 
photographic observations between 1934 and 1950. 

The first photoelectric study of RR Centauri was 
made by Knipe (1961), who obtained light curves in 
yellow light and in blue light. He published a solution 
for his yellow light curve (1965), but Bookmyer (1968) 
pointed out that Knipe’s solution was inconsistent, and 
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she redetermined the orbital elements using Knipe’s 
yellow observations. 

Since RR Centauri is a bright star with complete 
eclipses and since previous investigators have shown it 
to have a variable period, and also since Bookmyer has 
raised the question of whether or not RR Centauri may 
have an eccentric orbit, the author decided to undertake 
a new photoelectric study of this system. The author’s 
observations of RR Centauri were made at the Cerro 
Tololo In ter-American Observatory in Chile during 
July of 1969. 

II. OBSERVATIONS 

RR Centauri was observed on six different nights 
with the 16-inch telescope No. 1 of the Cerro Tololo 
Inter-American Observatory. Observations were made 
in yellow and blue light, the standard B, V filters being 
used. The photomultiplier was an RCA 1P21, cooled 
with a thermoelectric unit. The integration time for the 
observations was 10 sec. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
71

A
J 

 7
6.

 . 
. 6

4C
 

RR CENTAURI 65 

RR Centauri was observed alternately with a com- 
parison star (Table I). The star chosen to be the com- 
parison was HD 123994, which was also used by Knipe 
for the purpose. As a check on the comparison star, the 
star HD 125038 was used. This star had also been used 
by Knipe for a check star. The observations of the check 
star yielded mean values of Aw (check minus compar- 
ison) of +0I!1244 =b0m002 in yellow light and +0na096 
±0^002 in blue light. No variation between the check 
and comparison stars was observed. The values for V 
and B — V of the stars listed in Table I were obtained 
by comparing these stars with a number of photometric 
standards. The values of V and B — V for RR Centauri 
listed in Table I refer to maximum light. 

A total of 396 yellow observations and 390 blue 
observations of RR Centauri was obtained. These 
observations are listed in Tables II and III. 

III. EPHEMERIS AND PERIOD STUDY 

Since RR Centauri has been under observation for 
more than 70 yr, it has been possible to study the be- 
havior of its period, which has varied significantly 
during this interval. The period study of RR Centauri 
by O’Connell revealed that the observations of Roberts 
indicated a significantly shorter period for the star than 
do the later observations. O’Connell was able to obtain 
a fairly good fit for all times of minimum light by using 
a quadratic formula for the ephemeris. The observa- 
tions from 1925 to 1950 could be fit equally well by 
either a quadratic or a linear formula. Knipe used a 
linear ephemeris which was in fairly good agreement 
with the one given by O’Connell. 

The observations of the author yielded two times of 
minimum light. A linear least-squares solution on the 
times of minimum light observed between 1925 and 
1969 yielded the following ephemeris: 

J. D. Hel. Min. I = 2424231.0881+0^6056907IE 
=b 4± 2 p. e. 

A quadratic least-squares solution using the same data 
yielded the following ephemeris : 

J. D. Hel. Min. I = 2424231.0872+0<?60569107£ 
± 4± 9 

-1.35Xl0-n£2 

±0.31 p. e. 

The sum of the squares of the residuals for the linear 
solution is 0.000276 d2 and for the quadratic solution, 
0.000223 d2. Thus the quadratic solution represents 
only a slight improvement over the linear solution. 
If the observations of Roberts are also included, a 
quadratic least-squares solution yields the following 
ephemeris : 

J. D. Hel. Min. I = 2424231.0993+0<?60568723E 
± 16zb 14 

+ 1.23X10-10£2 

±0.06 p. e. 

Table I. RR Centauri and its comparison and check stars. 

(1950) Sp. 
Star HD No. R. A. Dec. (HD) V B—V 

RR Centauri HD 124689 14*13*23* -57°37!3 F2 7.272 +0.336 
Comparison HD 123994 14 09 11 -58 04 8 F8 7.508 +0.484 
Check HD 125038 14 15 11 -58 44 5 F0 7.752 +0.336 

In this case, the sum of the squares of the residuals is 
0.003453 d2, indicating a much poorer fit to the data. 
In all cases, the weights of the times of minimum light 
were those given by O’Connell and Knipe. The times of 
minimum light observed by the author were given the 
same weight as those of Knipe. In Fig. 1 the residuals 
of the times of minimum light observed between 1925 
and 1969 are shown. These were calculated using a 
linear ephemeris. 

It is also possible to calculate the periods of RR 
Centauri at various dates, using a linear least-squares 
procedure. The periods calculated in this manner, 
together with their probable errors, are listed in Table 
IV. As can be seen, the period appears to have under- 
gone a sharp increase between 1901 and 1925. The 
recent observations by Knipe and the author, however, 
indicate that the period is no longer increasing, but 
rather that it has decreased somewhat from that 
reported by earlier observers. 

The times of minimum light obtained by Knipe and 
the author yield the following ephemeris : 

J. D. Hel. Min. I = 2424231.098l+0f60569029E 
± 11± 4 p. e. 

This ephemeris gives a very good fit to recent observa- 
tions of RR Centauri, and it was employed to calculate 
the phases of the observations used in this investigation. 
The times of minimum light of the author, together 
with their residuals calculated from this ephemeris, are 
listed in Table V. 

IV. LIGHT CURVES AND RECTIFICATION 

RR Centauri has a light curve typical of the W Ursae 
Majoris type systems. The respective depths of the 
primary and secondary minima are O^ld and 0m360 
in yellow light, and 0Iï1428 and 0I?369 in blue light. It is 
interesting to note that, while the photoelectric ob- 
servations of Knipe and of the author indicate that the 
secondary minimum is significantly shallower than the 
primary minimum, the earlier visual and photographic 
observations of Roberts, Voute, Pingsdorf, and O’Con- 
nell indicated the two minima to be of the same depth. 

At maximum light, RR Centauri has a value of 
B — V of +0.336, at primary minimum, +0.351, and at 
secondary minimum, +0.345. Thus RR Centauri is 
typical of the W Ursae Majoris stars, which are usually 
bluest at maximum light. The yellow and blue light 
curves and the color curve of RR Centauri are shown 
in Fig. 2. 
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Table II. Yellow observations of RR Centauri. 

J. D. Hel. 
2440000+ Aw 
407.6157 +0.041 

.6178 +0.024 

.6202 +0.021 

.6237 -0.005 

.6369 -0.070 

.6404 -0.080 

.6429 -0.096 

.6445 -0.098 

.6547 -0.113 

.6598 -0.131 

.6615 -0.134 

.6640 -0.142 

.6754 -0.172 

.6799 -0.175 

.6823 -0.182 

.6898 -0.195 

.6779 -0.166 

.6914 -0.198 

.6935 - 0.195 

.6955 -0.196 

.7051 -0.212 

.7074 -0.210 

.7092 -0.219 

.7112 -0.218 

.7279 -0.247 

.7298 -0.231 

.7320 -0.239 

.7345 -0.224 

.7438 -0.219 

.7452 -0.236 

.7476 -0.234 

.7501 -0.201 
408.4834 +0.168 

.4853 +0.184 

.4879 +0.165 

.4903 +0.164 

.4932 +0.167 

.4955 +0.167 

.5097 +0.110 

.5117 +0.094 

.5139 +0.083 

.5157 +0.059 

.5181 +0.058 

.5199 +0.024 

.5270 -0.020 

.5288 -0.018 

.5316 -0.021 

.5334 -0.034 

.5353 -0.041 

.5375 -0.047 

.5472 -0.088 

.5492 -0.107 

.5509 -0.112 

.5527 -0.118 

.5545 -0.124 

.5570 -0.131 

.5667 -0.170 

.5692 -0.184 

.5714 -0.184 

.5736 -0.189 

.5756 -0.192 

.5779 -0.205 

.5875 -0.217 

.5896 -0.217 

.5917 -0.227 

.5938 -0.234 

J. D. Hel. 
2440000+ Aw 

408.5961 -0.221 
.5983 -0.230 
.6097 -0.222 
.6125 -0.227 
.6150 -0.238 
.6172 -0.225 
.6195 -0.227 
.6222 -0.231 
.6320 -0.233 
.6341 -0.236 
.6361 -0.253 
.6381 -0.226 
.6409 -0.251 
.6427 -0.246 
.6536 -0.223 
.6556 -0.225 
.6592 -0.225 
.6616 -0.203 
.6639 -0.198 
.6657 -0.198 
.6759 -0.179 
.6777 -0.165 
.6799 -0.192 
.6820 -0.163 
.6835 -0.145 
.6856 -0.158 
.6935 -0.138 
.6956 -0.131 
.6972 -0.124 
.6991 -0.122 

410.4828 -0.194 
.4848 -0.196 
.4878 -0.192 
.4895 -0.187 
.4991 -0.149 
.5010 -0.149 
.5027 -0.150 
.5048 -0.148 
.5069 -0.150 
.5086 -0.140 
.5173 -0.127 
.5191 -0.115 
.5213 -0.105 
.5230 -0.105 
.5264 -0.093 
.5282 -0.092 
.5364 -0.055 
.5384 -0.072 
.5398 -0.050 
.5417 -0.044 
.5440 - 0.037 
.5463 -0.029 
.5659 +0.078 
.5680 +0.090 
.5696 +0.096 
.5716 +0.115 
.5730 +0.118 
.5755 +0.131 
.5838 +0.141 
.5857 +0.138 
.5874 +0.139 
.5895 +0.135 
.5913 +0.127 
.5930 +0.121 
.5994 +0.121 
.6013 +0.120 

J. D. Hel. 
2440000+ Aw 
410.6032 +0.124 

.6053 +0.120 

.6069 +0.120 

.6082 +0.114 

.6182 +0.123 

.6200 +0.129 

.6223 +0.121 

.6239 +0.120 

.6255 +0.121 

.6273 +0.119 

.6350 +0.071 

.6373 +0.066 

.6393 +0.054 

.6416 +0.041 

.6435 +0.046 

.6450 +0.029 

.6562 -0.033 

.6584 -0.029 

.6610 -0.053 

.6635 -0.061 

.6655 -0.064 

.6678 -0.080 

.6752 -0.121 

.6771 -0.115 

.6867 -0.140 

.6888 -0.143 

.6981 -0.159 

.6998 -0.154 

.7019 -0.154 

.7037 -0.153 

.7060 -0.156 

.7080 -0.149 
415.4709 +0.110 

.4732 +0.086 

.4826 +0.063 

.4846 +0.056 

.4864 +0.045 

.4879 +0.040 

.4942 +0.008 

.4959 - 0.002 

.4975 -0.014 

.4989 -0.024 

.5004 -0.024 

.5024 -0.041 

.5199 -0.100 

.5216 -0.105 

.5289 -0.135 

.5309 -0.135 

.5379 -0.150 

.5399 -0.153 

.5414 -0.144 

.5431 -0.156 

.5447 -0.155 

.5461 -0.157 

.5527 -0.164 

.5545 -0.172 

.5562 -0.174 

.5577 -0.176 

.5597 -0.176 

.5614 -0.183 

.5691 -0.208 

.5710 -0.205 

.5739 -0.210 

.5756 -0.219 

.5777 -0.226 

.5795 -0.225 

J. D. Hel. 
2440000+ Aw 
415.5864 -0.223 

.5883 -0.233 

.5899 -0.220 

.5913 -0.221 

.5930 -0.217 

.5947 -0.224 

.6032 -0.224 

.6049 -0.217 

.6066 -0.218 

.6085 -0.214 

.6107 -0.213 

.6124 -0.202 

.6201 -0.207 

.6221 -0.212 

.6260 -0.192 

.6286 -0.204 

.6303 -0.194 

.6324 -0.185 

.6409 -0.163 

.6428 -0.162 

.6497 -0.168 

.6515 -0.170 

.6532 -0.153 

.6559 -0.154 

.6623 -0.142 

.6643 -0.131 

.6667 -0.116 

.6690 -0.118 

.6704 -0.112 

.6731 -0.101 

.6815 -0.069 

.6834 -0.066 

.6850 - 0.049 

.6870 -0.030 

.6888 -0.032 

.6906 -0.021 
416.4766 -0.224 

.4782 -0.229 

.4796 -0.225 

.4815 -0.227 

.4874 -0.229 

.4890 -0.224 

.4944 -0.235 

.4959 -0.231 

.4976 -0.223 

.4991 -0.230 

.5054 -0.222 

.5072 -0.222 

.5150 -0.206 

.5168 -0.209 

.5183 -0.214 

.5197 -0.206 

.5273 -0.207 

.5287 -0.212 

.5301 -0.213 

.5320 -0.215 

.5334 -0.202 

.5351 -0.202 

.5370 -0.205 

.5384 -0.204 

.5448 -0.187 

.5464 -0.181 

.5527 -0.166 

.5545 -0.158 

.5561 -0.162 

.5579 -0.155 

J. D. Hel. 
2440000+ Aw 
416.5659 -0.141 

.5675 -0.140 

.5690 -0.143 

.5712 -0.126 

.5732 -0.121 

.5751 -0.114 

.5763 -0.109 

.5779 -0.103 

.5834 -0.092 

.5851 -0.084 

.5870 -0.073 

.5883 -0.072 

.5898 -0.060 

.5919 -0.051 

.5988 -0.026 

.6023 -0.010 

.6038 +0.006 

.6054 +0.005 

.6073 +0.024 

.6090 +0.025 

.6168 +0.055 

.6190 +0.072 

.6220 +0.072 

.6235 +0.087 

.6252 +0.095 

.6270 +0.103 

.6329 +0.120 

.6348 +0.122 

.6363 +0.129 

.6379 +0.132 

.6400 +0.128 

.6418 +0.134 

.6436 +0.128 

.6454 +0.122 

.6518 +0.122 

.6534 +0.118 

.6550 +0.134 

.6565 +0.134 

.6580 +0.129 

.6600 +0.124 

.6615 +0.128 

.6627 +0.130 

.6682 +0.123 

.6698 +0.131 

.6712 +0.129 

.6730 +0.129 

.6750 +0.123 

.6766 +0.122 

.6820 +0.120 

.6836 +0.101 

.6852 +0.111 

.6869 +0.103 

.6886 +0.087 

.6905 +0.078 
417.4752 -0.142 

.4767 -0.144 

.4781 -0.146 

.4800 -0.134 

.4856 -0.113 

.4870 -0.122 

.4898 -0.108 

.4913 -0.104 

.4939 -0.097 

.4953 -0.085 

.5007 -0.065 

.5023 -0.058 

J. D. Hel. 
2440000+ Aw 
417.5038 -0.058 

.5059 -0.042 

.5084 -0.041 

.5109 -0.030 

.5123 -0.018 

.5139 -0.008 

.5203 +0.029 

.5220 +0.034 

.5234 +0.040 

.5249 +0.049 

.5266 +0.067 

.5280 +0.077 

.5295 +0.084 

.5309 +0.085 

.5364 +0.123 

.5380 +0.128 

.5399 +0.150 

.5413 +0.141 

.5428 +0.149 

.5443 +0.156 

.5457 +0.158 

.5473 +0.159 

.5524 +0.176 

.5543 +0.177 

.5557 +0.179 

.5573 +0.177 

.5589 +0.177 

.5603 +0.178 

.5621 +0.177 

.5642 +0.175 

.5692 +0.179 

.5712 +0.178 

.5725 +0.167 

.5745 +0.174 

.5764 +0.168 

.5781 +0.169 

.5798 +0.167 

.5813 +0.169 

.5883 +0.161 

.5904 +0.144 

.5923 +0.124 

.5939 +0.116 

.5953 +0.114 

.5975 +0.103 

.6045 +0.050 

.6064 +0.041 

.6078 +0.031 

.6098 +0.026 

.6120 +0.008 

.6145 -0.002 

.6209 -0.050 

.6224 -0.049 

.6259 -0.063 

.6273 -0.064 

.6290 -0.063 

.6307 -0.066 

.6373 -0.110 

.6398 -0.114 

.6415 -0.111 

.6432 -0.126 

.6453 -0.132 

.6473 -0.123 

.6530 -0.150 

.6549 -0.148 

.6568 -0.147 

.6584 -0.150 

In Bookmyer^s study of the yellow light curve of 
Knipe, it was found that maxima occurred at phase 
angles of 87° and 274°. In the light curves obtained by 

the author, the maxima for both yellow and blue light 
were found to be at phase angles of 90° and 270° rather 
than somewhat displaced from these points. No phase 
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Table III. Blue observations of RR Centauri. 

f. D. He], 
2440000+ Am 
407.6167 - 0.120 

.6187 -0.132 

.6227 -0.146 

.6245 -0.154 

.6362 -0.204 

.6394 - 0.232 

.6417 - 0.232 

.6437 -0.241 

.6556 -0.271 

.6605 -0.275 

.6624 -0.276 

.6651 -0.282 

.6744 -0.306 

.6765 -0.308 

.6787 -0.320 

.6810 -0.314 

.6905 -0.336 

.6926 -0.349 

.6949 - 0.346 

.6973 -0.353 

.7060 -0.359 

.7084 -0.374 

.7101 -0.359 

.7119 -0.353 

.7267 -0.384 

.7285 -0.368 

.7309 -0.376 

.7334 - 0.367 

.7445 -0.370 

.7465 -0.358 

.7487 -0.353 

.7513 -0.363 
408.4847 +0.040 

.4861 +0.049 

.4889 +0.033 

.4914 +0.022 

.4947 +0.025 

.4963 +0.024 

.5089 - 0.033 

.5106 - 0.044 

.5125 -0.061 

.5147 -0.075 

.5168 -0.099 

.5189 -0.103 

.5279 -0.161 

.5300 - 0.178 

.5327 -0.180 

.5345 -0.189 

.5363 - 0.196 

.5386 -0.208 

.5461 -0.240 

.5481 -0.253 

.5500 -0.263 

.5518 -0.267 

.5535 - 0.281 

.5556 -0.281 

.5653 -0.290 

.5685 -0.326 

.5702 -0.323 

.5725 -0.325 

.5747 -0.325 

.5770 -0.336 

.5886 -0.355 

.5906 -0.345 

.5929 -0.368 

J. D. Hel. 
2440000+ Am 
408.5950 -0.366 

.5972 -0.359 

.5997 -0.365 

.6085 -0.365 

.6117 -0.364 

.6139 -0.394 

.6163 -0.382 

.6186 - 0.383 

.6209 -0.387 

.6328 -0.390 

.6349 -0.382 

.6371 -0.381 

.6391 -0.389 

.6417 -0.388 

.6438 -0.372 

.6545 -0.365 

.6567 -0.348 

.6603 - 0.346 

.6625 -0.337 

.6646 - 0.341 

.6667 -0.321 

.6749 -0.324 

.6768 -0.303 

.6786 -0.305 

.6809 -0.310 

.6827 -0.299 

.6847 -0.297 

.6948 -0.278 

.6962 -0.263 

.6983 -0.261 

.7000 -0.253 
410.4839 -0.338 

.4859 -0.327 

.4888 -0.323 

.4903 -0.317 

.4978 -0.304 

.5000 -0.299 

.5020 -0.296 

.5041 -0.296 

.5059 -0.296 

.5080 -0.287 

.5185 -0.253 

.5202 -0.255 

.5221 -0.249 

.5244 -0.245 

.5273 -0.239 

.5291 -0.235 

.5353 -0.210 

.5374 -0.206 

.5392 -0.192 

.5409 - 0.189 

.5430 -0.185 

.5455 -0.171 

.5670 -0.070 

.5688 -0.057 

.5703 - 0.060 

.5721 -0.058 

.5742 -0.045 

.5763 - 0.041 

.5828 -0.020 

.5846 -0.018 

.5866 -0.012 

.5888 -0.019 

.5903 -0.016 

.5921 -0.009 

J. D. Hel. 
2440000+ Am 
410.6007 - 0.003 

.6025 - 0.003 

.6045 - 0.014 

.6060 - 0.016 

.6075 -0.014 

.6094 - 0.016 

.6173 -0.016 

.6194 - 0.023 

.6216 -0.025 

.6231 -0.020 

.6246 -0.036 

.6264 - 0.039 

.6360 - 0.087 

.6384 - 0.100 

.6402 - 0.101 

.6424 -0.117 

.6444 - 0.118 

.6459 -0.125 

.6555 -0.172 

.6577 -0.175 

.6602 - 0.183 

.6619 -0.191 

.6644 - 0.204 

.6666 -0.214 

.6763 -0.258 

.6782 -0.259 

.6874 -0.267 

.6898 -0.274 

.6971 -0.295 

.6991 -0.297 

.7006 -0.306 

.7027 -0.306 

.7049 -0.298 

.7073 - 0.298 
415.4724 -0.057 

.4743 - 0.051 

.4809 -0.085 

.4838 - 0.087 

.4856 -0.100 

.4872 -0.111 

.4952 -0.145 

.4968 -0.153 

.4982 - 0.165 

.4996 -0.180 

.5017 -0.182 

.5034 - 0.197 

.5206 -0.248 

.5224 -0.258 

.5299 -0.274 

.5316 -0.278 

.5371 -0.289 

.5392 -0.300 

.5407 -0.300 

.5424 -0.295 

.5439 -0.302 

.5454 - 0.304 

.5536 -0.315 

.5552 -0.317 

.5571 -0.323 

.5588 -0.326 

.5606 -0.327 

.5621 -0.334 

.5681 -0.341 

.5703 -0.344 

.5729 -0.351 

J. D. Hel. 
2440000+ Am 

415.5747 -0.350 
.5766 -0.352 
.5788 -0.363 
.5872 -0.367 
.5891 -0.371 
.5906 -0.375 
.5923 -0.372 
.5937 - 0.382 
.5954 -0.382 
.6021 -0.376 
.6041 -0.378 
.6057 -0.375 
.6074 -0.376 
.6093 - 0.368 
.6116 -0.371 
.6220 -0.352 
.6232 - 0.344 
.6268 -0.348 
.6295 -0.336 
.6314 - 0.337 
.6336 -0.323 
.6399 -0.326 
.6421 -0.321 
.6489 -0.307 
.6506 -0.299 
.6525 -0.302 
.6549 -0.296 
.6634 - 0.281 
.6654 -0.272 
.6677 -0.264 
.6697 -0.248 
.6722 -0.258 
.6740 -0.249 
.6807 -0.217 
.6826 -0.210 
.6842 -0.200 
.6860 - 0.190 
.6879 -0.176 
.6899 -0.160 

416.4758 -0.379 
.4776 -0.375 
.4793 - 0.383 
.4808 -0.379 
.4883 - 0.381 
.4898 -0.387 
.4954 - 0.388 
.4968 - 0.385 
.4984 -0.386 
.5000 -0.373 
.5065 -0.372 
.5079 -0.380 
.5161 -0.374 
.5176 -0.362 
.5190 -0.362 
.5205 -0.363 
.5268 -0.364 
.5280 -0.363 
.5294 -0.353 
.5312 - 0.355 
.5329 -0.355 
.5343 - 0.348 
.5361 -0.349 
.5377 -0.347 
.5457 -0.315 
.5473 - 0.319 

J. D. Hel. 
2440000+ Am 
416.5537 -0.312 

.5554 -0.311 

.5568 -0.304 

.5584 -0.300 

.5648 -0.273 

.5666 -0.277 

.5682 -0.287 

.5704 -0.275 

.5725 -0.268 

.5740 - 0.258 

.5757 -0.259 

.5772 -0.249 

.5843 - 0.236 

.5858 -0.222 

.5876 -0.218 

.5890 -0.214 

.5909 -0.204 

.5929 -0.191 

.5995 - 0.160 

.6030 - 0.146 

.6048 - 0.138 

.6065 -0.135 

.6082 -0.126 

.6100 -0.101 

.6161 -0.099 

.6183 -0.081 

.6212 -0.059 

.6228 -0.060 

.6247 -0.059 

.6263 - 0.053 

.6322 -0.039 

.6337 - 0.037 

.6357 -0.018 

.6372 -0.046 

.6390 - 0.010 

.6409 -0.023 

.6429 - 0.017 

.6444 -0.013 

.6525 -0.020 

.6541 -0.027 

.6558 -0.021 

.6573 -0.028 

.6593 - 0.031 

.6608 -0.038 

.6622 -0.019 

.6638 - 0.031 

.6690 - 0.029 

.6705 -0.025 

.6723 -0.028 

.6737 - 0.018 

.6759 -0.025 

.6773 -0.044 

.6829 -0.029 

.6843 - 0.037 

.6862 -0.078 

.6877 -0.053 

.6893 - 0.051 

.6912 -0.051 
417.4906 -0.223 

.4920 -0.222 

.4946 - 0.234 

.4961 -0.242 

.5016 -0.223 

.5030 -0.210 

.5045 -0.211 

J. D. Hel. 
2440000+ Am 
417.5071 -0.202 

.5092 -0.188 

.5116 -0.170 

.5134 -0.152 

.5146 -0.155 

.5195 -0.124 

.5211 -0.113 

.5225 -0.110 

.5242 -0.098 

.5259 -0.087 

.5273 - 0.078 

.5286 -0.063 

.5302 - 0.057 

.5356 —0.019 

.5371 -0.016 

.5392 -0.001 

.5406 +0.003 

.5422 +0.010 

.5435 +0.015 

.5450 +0.021 

.5466 +0.021 

.5533 +0.039 

.5552 +0.032 

.5566 +0.036 

.5581 +0.046 

.5595 +0.030 

.5613 +0.034 

.5634 +0.046 

.5650 +0.046 

.5703 +0.043 
,5718 +0.030 
.5736 +0.036 
.5752 +0.039 
.5773 +0.037 
.5788 +0.024 
.5804 +0.028 
.5820 +0.026 
.5875 +0.021 
.5898 +0.002 
.5911 -0.001 
.5931 -0.024 
.5946 -0.030 
.5967 -0.042 
.6036 - 0.082 
.6053 - 0.092 
.6073 - 0.105 
.6089 -0.125 
.6107 -0.133 
.6136 -0.150 
.6196 -0.185 
.6216 -0.200 
.6250 -0.215 
.6266 -0.217 
.6280 -0.224 
.6300 - 0.232 
.6384 - 0.268 
.6405 -0.260 
.6423 -0.276 
.6446 —0.279 
.6461 -0.293 
.6480 -0.269 
.6536 -0.309 
.6555 -0.293 
.6577 -0.295 
.6592 -0.297 

shift between the primary and secondary minima was 
noted. 

The magnitudes of the observations were converted 
to intensities, normalized to unity at maximum light. 

Least-squares solutions were then made for the light 
outside eclipses according to the expression, 

c+^i cos 0+^2 cos 26+Bi sin 0+.B2 sin 2d. 
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O-C 

+ 0<?01 

25000 30000 35000 40000 
JD 24000004- 

FlG. 1. Residuals for times of minimum light of RR Centauri observed between 1925 and 1969. 

Least-squares solutions were also made involving ex- 
pansions in the expressions for light outside eclipses to 
terms in 36 and 40. In all cases, the solutions were based 
upon the observations with unrectified phase angles 
between 50° and 130° and between 230° and 310°. The 
values of the Fourier coefficients obtained, together 
with their probable errors, are listed in Table VI. 

In all cases, the coefficients of the sine terms are 
fairly small, indicating the absence of asymmetry in the 
two maxima. The sign of the coefficient of the cos 0 
term, ^4i, is positive in the solution with terms through 
20. This is contrary to theory, but this coefficient 
becomes negative or negligibly small when the analysis 
is carried to terms in 30 and 40. This finding was also 
noted by Bookmyer in her solution of the yellow light 
curve of Knipe. 

Table IV. Periods of RR Centauri. 

Observer Mean date Period 

Roberts 1899.5 

Voute and Pingsdorf 1927.5 

O’Connell 1940.7 

Knipe and Chambliss 1965.0 

0<?60568288 
rt 4 

0460569092 
zb 3 

0460569151 
rb 12 

0460569029 
zb 4 

The observations of RR Centauri were rectified for 
ellipticity and reflection according to the expression, 

lobs—Bi sin 0—sin 2d+D0—Ai cos 0+Z)2 cos20 
h=   

{Aq — A2-\~Dq)-\~Í^A2-\~D<2) COS20 

Rectification procedures were also carried out using 
terms in 30 and 40. In these cases, the higher-order terms 
were subtracted from the dividend of the expression for 
rectified light, as in the case for the sine terms in the 
above expression. This procedure has been previously 
used by Bookmyer (1968). The values of the rectifica- 
tion coefficients for reflection, Do and D2, were deter« 
mined from the expressions, 

Do=0.048 sin20e, 

D2 = 0.048 sin20e sin2¿, 

where 0e is the angle of external tangency. The phases 
were rectified in the manner described by Russell and 
Merrill (1952). 

Table V. Times of minimum light of RR Centauri. 

J. D. Hel. E O-C 
2440410.6002 26712.5 +040002 
2440417.5652 26724.0 - 040002 
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In intensity units, the depths of the eclipses in yellow 
light after rectification were 0.145 for the primary 
minimum and 0.080 for the secondary in the case where 
rectification was carried through terms in 26 (five 
Fourier coefficients). For the case with seven Fourier 
coefficients, the respective depths in yellow light were 
0.120 and 0.102, and in the case with nine Fourier 
coefficients the respective depths were 0.125 and 0.109. 

The three different cases of rectification were tried 
also for the observations in blue light. The depths of the 
primary minimum in the cases with five, seven, and 
nine Fourier coefficients were 0.132, 0.093, and 0.155, 
respectively. For the secondary minimum the respective 
depths were 0.066, 0.103, and 0.160. In the two latter 
cases, the rectification resulted in a reversal of the 
depths of the primary and secondary minima. This 

Table VI. Coefficients for light outside eclipses of RR Centauri. 

Aq Ai Az As A4 Bi B% B% B4 

Yellow +0.8911 
± 11 

Blue +0.8814 
± 10 

Yellow +0.8912 
± 11 

Blue +0.8809 
it: 9 

Yellow +0.8933 
it 57 

Blue +0.9007 
=fc 43 

+0.0153 -0.1015 
± 11 ib 16 
+0.0141 -0.1106 
± 10 i 14 
+0.0006 - 0.1017 
i 44 db 16 
-0.0108 -0.1117 
± 34 ± 13 
+0.0008 - 0.0986 
lb 44 ± 88 
-0.0090 - 0.0809 
± 34 =fc 67 

-0.0082 
±. 24 
-0.0138 
db 18 
-0.0081 +0.0013 
=b 24 =b 36 
-0.0123 +0.0130 
ib 18 =b 28 

+0.0056 +0.0070 
ib 5 ib 7 
+0.0059 +0.0088 
dd 5 rb 6 
+0.0063 +0.0071 
dt 6 ib 7 
+0.0069 +0.0092 
rb 5 rb 5 
+0.0063 +0.0071 
rb 6 rb 14 
+0.0067 +0.0094 
it 5 =b 11 

+0.0019 
rb 9 
+0.0024 
rb 8 
+0.0019 0.0000 
rb 9 =b 13 
+0.0021 +0.0001 
rb 7 dr 11 
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frequently occurs, however, in W Ursae Majoris 
systems in which the Ai coefficient is negative. 

V. SOLUTION AND ORBITAL ELEMENTS 

An examination of the light curves of RR Centauri 
confirmed the earlier findings on this system; i.e., the 
eclipses are complete, the primary eclipse is a transit, 
and the secondary eclipse is an occultation. 

Using the method given by Russell and Merrill, the 
parameter, 

^o=(l-/otr)//o°c, 

was evaluated for each of the cases. The parameter 
is a function of the ratio of the radii, &, the geometrical 
depth at mid-eclipse, po, and the limb-darkening co- 
efficient, x. The parameter a0

tr is also a function of these 
three quantities, and since o:otr can be estimated from 
the shape of the rectified light curve at primary mini- 
mum, values of k and po can be determined fairly well 
from a knowledge of q0 and aotr. 

Theoretical light curves were then plotted using the 
functions given by Merrill (1950) together with the 
adopted orbital elements. The agreement between the 
theoretical light curves and the rectified observations 
was, in general, good, and consistent solutions were 
found for both eclipses. The rectified light curves for the 
secondary eclipse showed no asymmetry between the 
ascending and descending branches, but for the primary 
eclipse, some asymmetry between the ascending and 
descending branches was noted. The angle of external 
tangency was found to be very nearly the same for both 
the primary and secondary eclipses. In all cases a value 
of a = 0.4 was found to give the most satisfactory fit to 
the data. 

Tables YU and VIII list the adopted orbital elements 
for RR Centauri. The notation is the same as that used 
by Russell and Merrill. The value of /g//s was found 
to be much larger for the case of the light curves recti- 
fied with five Fourier coefficients than for the cases 
rectified with seven and nine Fourier coefficients. This 
result was also found by Bookmyer, and it arises 
because of the fact that the coefficient of the cosine 
term, Ah is positive when the analysis of the light 
outside eclipses is carried through terms in 26, but it is 
negative or negligibly small when the analysis is carried 
to terms in 36 or 40. 

In general, the agreement between the orbital ele- 
ments obtained by the author from solutions of his own 
light curves and those obtained by Bookmyer from 
solutions of the yellow light curve of Knipe is very good. 
However, the results of the author indicate a higher 
value for the angle of internal tangency than does the 
investigation by Bookmyer. 

The solutions of the author indicated no significant 
differences in the values for the angle of external or 
internal tangency obtained from the primary and 
secondary eclipses. In BookmyeFs solution of Knipe’s 

Table VII. Orbital elements of RR Centauri in yellow light. 

Number of coefficients 

Elements 

k 
po 
Xq === its 
dg 
h 
as 
bs 
e 
it 
j 
I'g 
Ls 
JJJ* 
CL0OC 

aotr 

l-/ooc 

l-/otr 

Oe 
0e 
©i 
0i 

0.39 
-1.15 

0.4 
0.551 
0.494 
0.215 
0.193 
0.104 

72?3 
74? 1 
0.920 
0.080 
1.75 
1.000 
1.024 
0.080 
0.145 

47?5 
44? 7 
12?6 
11?5 

0.36 
-1.30 

0.4 
0.578 
0.518 
0.208 
0.186 
0.104 

72?1 
73?9 
0.898 
0.102 
1.14 
1.000 
1.043 
0.102 
0.120 

49?5 
46? 7 
13?5 
12?3 

0.37 
-1.22 

0.4 
0.564 
0.507 
0.209 
0.187 
0.101 

72?0 
73?7 
0.891 
0.109 
1.12 
1.000 
1.033 
0.109 
0.125 

48? 1 
45?3 
14?0 
12?7 

yellow light curve, rectified using seven Fourier co- 
efficients, the angles of external and internal tangency 
were found to be significantly larger for the secondary 
eclipse than for the primary eclipse. If RR Centauri had 
an eccentric orbit, then we should expect to observe 
either unequal durations of the eclipses or a phase shift 
between the primary and secondary minima, or a 
combination of both effects. There is no evidence for a 
phase shift between the primary and secondary minima 
of RR Centauri, and the author’s solutions do not 
indicate any significant differences in the durations of 
the two eclipses. Thus it appears that the orbit of RR 
Centauri is circular. 

Table VIII. Orbital elements of RR Centauri in blue light. 

Number of coefficients 

Elements 

k 
po 
X& — Xs 
û-g 
b& 
Us 
bs 

J 
Lg 
Ls 
JJJ* 
a0

oc 

Oi0tT 

l-/o0< 

l-¿0tr 

©e 
0e 
©i 
0i 

0.37 
-1.20 

0.4 
0.551 
0.489 
0.204 
0.181 
0.112 

72?2 
74? 1 
0.934 
0.066 
1.94 
1.000 
1.036 
0.066 
0.132 

46?4 
43?3 
12?5 
11?3 

0.32 
-1.25 

0.4 
0.591 
0.524 
0.189 
0.168 
0.115 

71?1 
73? 1 
0.897 
0.103 
0.89 
1.000 
1.042 
0.103 
0.093 

47?3 
44?2 
11?9 
10?7 

0.41 
-1.25 

0.4 
0.539 
0.494 
0.221 
0.203 
0.083 

74?8 
76?0 
0.840 
0.160 
0.88 
1.000 
1.040 
0.160 
0.155 

47? 7 
45?4 
11?7 
10?8 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
71

A
J 

 7
6.

 . 
. 6

4C
 

RR CENTAURI 71 

VI. THEORETICAL FOURIER COEFFICIENTS 

In a recent study of the rectification of W Ursae 
Majoris stars, Merrill (1970) has given expressions for 
evaluating the theoretical values for the coefficients of 
the terms arising from the ellipticity effect. These 
expressions depend upon the mass ratio, sizes, and 
relative luminosities of the two components as well as 
their limb-darkening and gravity-darkening coefficients. 
For component 1 of an eclipsing binary system these 
can be written as 

15+xi / w2\ 
öoi = 1 (1+yi) (3 sin2i —2)( 2+5— W 

60(3—at) V mv 

9(1—at) w2 
H  (3+yi)(35 sin4i—40 sin2i+8)—fi5, 

256(3—Ai) m\ 

— 15ai M2 
ú,n = sin3i—4 sin i)—?r4, 

32(3 —at) mi 

—3(15+ai) w2 
021= (1+yi) sin2f—?r3 

20(3—Ai) mi 

15(1 —Ai) ^ m2 
H (5+yi)(7 sin4i—6 sin2i)—ri5, 

64(3—Ai) mi 

— 25ai m^ 
a;n= (2+yi) sin3f—rd, 

32(3—at) mi 

+ 105(1—Ai) m2 
—  (3+yi) sin4f— 

256(3—at) mi 

The expressions for the second component are similar 
except that the subscripts 1 and 2 will be changed in 
every case and the signs will be reversed for the ai2 and 
<*32 terms. The combined ellipticity-effect coefficients 
will appear as ao=Ti<Zoi+T2<*o2, etc‘ 

In order to compare these theoretical ellipticity 
coefficients with the observed Fourier coefficients, it is 
necessary to add in the contributions of the reflection 
effect to the phase-independent term and the terms in 
0 and 20. The results are then normalized to unity at 
maximum light, i.e., at phase angles of 90° and 270°. 
The expressions used for the reflection effect are those 
given by Russell and Merrill. 

Theoretical Fourier coefficients were calculated for 
RR Centauri using the orbital elements computed by 
the author. In each case ri was set equal to (<*g&gôg+, 
Y2 to (<*sMs)fi * to j, and y to 0.86, the value suggested 
by Russell and Merrill for a = 0.4. Since the mass ratio 
for RR Centauri is not known from observational data, 
various values were tried. 

Table IX. Theoretical Fourier coefficients for RR Centauri. 

Coef. Yellow Blue Roche model 

flo 
Ai 
A 2 
A 3 
A 4 
M1/M2 

+0.8996 
-0.0056 
-0.1004 
-0.0110 
+0.0060 

1.8 

+0.9167 
-0.0061 
-0.0833 
-0.0089 
+0.0048 

1.9 

+0.9516 
-0.0047 
-0.0484 
-0.0032 
+0.0028 

3.7 

The agreement between the theoretical and observed 
values of Al o and A 2 was fairly good, when a mass ratio 
of 1.8 or 1.9 was used in the calculations. The theoretical 
values for +s also agreed fairly well with those observed, 
but the agreement between the theoretical and observed 
values of Ai was not good for the yellow light curve. 
The theories for the ellipticity and reflection effects 
predict that A i will have a negative value, but a positive 
value was obtained for Ai from the yellow light curve 
of RR Centauri. 

Although a mass ratio of 1.8 or 1.9 produced a fairly 
good agreement between the theoretical and observed 
Fourier coefficients, these values for the mass ratio are 
not in accord with the dynamics of the system. On the 
basis of the Roche model, the minimum mass ratio 
permitted for RR Centauri is about 3.7. Using the 
tables of Plavec and Kratochvil (1964), it can be seen 
that for this mass ratio, the larger component will fill 
its inner zero-velocity surface, while the smaller com- 
ponent will lie well within its own inner zero-velocity 
lobe. Thus RR Centauri should be a semidetached 
system, a situation found for several other W Ursae 
Majoris type systems. When a mass ratio of 3.7 is used 
to compute theoretical Fourier coefficients, however, 
the agreement between these coefficients and the ob- 
served ones is poor as can readily be seen from the 
values listed in Table IX. 

Some of this discrepancy may be due to the fact that 
the values of the theoretical Fourier coefficients are 
dependent upon the limb-darkening and gravity- 
darkening coefficients of the stellar components, and 
these are not well determined. It should also be noted 
that the Roche model is based upon a polytrope of index 
n = 5, i.e., all mass is concentrated at the center of each 
component. For main-sequence stars, this is certainly 
not the case. Another factor may be that the orbital 
elements of the system have been computed using the 
classical Russell model, which assumes that the com- 
ponents are similar ellipsoids. Tidal interactions be- 
tween the components almost certainly produce dis- 
tortions from ellipsoidal shape on the facing hemispheres 
of the stars, and these distortions may result in system- 
atic errors in the values of the orbital elements as 
determined using the Russell-Merrill procedure. 

It would be very interesting to obtain a spectroscopic 
mass ratio for RR Centauri. Unfortunately, however, 
since the brighter component contributes about 90% 
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of the light of the system, RR Centauri will probably 
prove to be a single-lined spectroscopic binary. 

VII. CONCLUSIONS 

RR Centauri is typical of the W Ursae Majoris 
systems with complete eclipses. It is a rather well- 
behaved system, and it is possible to obtain orbital 
elements having a fairly good degree of reliability. 
Nonetheless, various peculiarities exist in this system. 
The period is clearly variable, and it has not been 
varying in a uniform manner. It will be interesting to 
see how the period of RR Centauri behaves in the 
future. 

Bookmyer has noted that the yellow light curve of 
Knipe displays asymmetry in the portions outside 
eclipses. Although the author found the two maxima of 
his light curves to lie very close to the predicted values 
of 90° and 270°, both the yellow and blue light curves 
were found to have appreciable sin 6 and sin 26 terms. 
These terms are not accounted for in the theories of the 
ellipticity and reflection effects, and they are generally 
thought to arise either from gas streams between the 
two components or from asymmetries in the light 
distributions on the disks of the components. These 
terms may well be variable with time. 

The author’s investigation indicates no evidence of 
orbital eccentricity in RR Centauri. 

Fairly good agreement is found between the observed 
and theoretical values for the coefficients for light 
outside eclipses, when a mass ratio of 1.8 or 1.9 is used. 
On dynamical grounds, however, a mass ratio of at 
least 3.7 is to be expected for RR Centauri. 
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